Here we present an elegant approach to Infrared (IR) spectroscopy by using nonlinear interference of photons produced via spontaneous parametric down conversion (SPDC) from two crystals. The approach allows us to measure real and imaginary parts of the refractive index in the IR range using optical instruments designed to operate in the visible range. We use a CO 2 gas as a testing medium and measure its absorption line at 4.27 µm.
Two-photon states have always been of a key interest for quantum optics community. They have been actively exploited in a number of areas spanning from fundamental tasks such as test of fundamentals of quantum mechanics [1] to nearly practical applications such as quantum cryptography [2] and computation [3] , absolute metrology [4] and imaging [5] .
Here we present an elegant approach to Infrared (IR) spectroscopy by using nonlinear interference of photons produced via spontaneous parametric down conversion (SPDC) from two crystals. The approach allows us to measure real and imaginary parts of the refractive index in the IR range using optical instruments designed to operate in the visible range. We use a CO 2 gas as a testing medium and measure its absorption line at 4.27 µm.
We generate infrared (idler) and visible (signal) photons via SPDC in two nonlinear crystals. Coherent overlap of down converted photons, leads to the interference of the intensity of signal and idler photons. The phase of the interference is determined by total phase acquired by all the three interacting photons: signal, idler and pump. The interference pattern of signal photons is detected by a visible light CCD camera after spectral selection performed by a spectrometer. For the case of two identical crystals the interference pattern is given by [6] :
L m denote the phase acquired in the crystal and medium of thickness L and L m , respectively, indexes s, i and p denote signal, idler and pump photons respectively, and θ s is the angle of scattering of the signal photon.
Assuming that the refractive index of the medium at VIS/pump wavelength is known, we infer the unknown one for an idler photon in the infrared range from the obtained interference patterns using Eq.(1). The experimental results are shown at the figure 1.
Our technique is applicable to different media of different types (solid, gases and liquids) and provides broadband tunability. The accuracy of up to 5×10 −6 is demonstrated for the measurements of refractive index in the performed experiment. Moreover, due to the fact that all waves propagate through the same optical path, the scheme exhibits high mechanical stability.
